We have compiled, from the literature, a sample of Ly α forest lines in the spectra of 69 QSOs, all observed with a resolution between 60 to 100 km s −1 .
INTRODUCTION
An inverse trend in the distribution of Ly α forest lines near the QSOs was first reported by Carswell et al. (1988) and was later confirmed by various groups. Using non parametric Q-Test Murdoch et al. (1986;  here after MHPB), and Lu et al.(1991) showed that fewer lines, than the number predicted by the best fit power law redshift distribution, are present in the regions close to the QSOs. This was interpreted as being due to the increased ionization of Ly α clouds near the QSOs due to their radiation field, and was used, first by Bajtlik et al.(1988;  here after BDO), to obtain the intensity of background UV radiation field.
Recently Bechtold (1994) with an extended sample of intermediate resolution, FWHM≃ 1Å, spectra showed that proximity effect is present near QSOs at very high significance level. The background intensity values obtained by her are consistent with earlier results, and are higher than the values expected from the QSOs and other AGNs.
Intermediate resolution samples of Ly α lines consist of large number of QSO sight lines and sample the redshift space more or less uniformly. These are thus free from the effects induced by peculiar distribution of lines along one or two QSO sight lines. However due to high number density of Ly α lines, the lines observed with intermediate resolution are usually blends and may lead us to wrong interpretations. In this paper we try to study the effect of various sources of uncertainties in the background intensity calculations based on proximity effect. For this purpose we have collected intermediate resolution spectra of large number of QSOs, with similar S/N, from the literature. The details of the data used are given in section 2. In section 3 we study the general properties of lines with z abs < z em .
In section 4, we discuss the proximity effect and the effect of curve of growth and the low resolution on the calculations of background intensity. The properties of lines close to the emission redshift are discussed in section 5. In section 6 we discuss the Ly α lines with z abs > z em . We consider two possible origins for these lines, and for each of these hypothesis we calculate the background intensity. Conclusions are presented in section 7.
DATA SAMPLE
Useful information regarding the QSOs used in our sample along with the references are given in Table 1 . Emission redshift of the QSOs quoted in the literature are given as z em . However it is known that most of these emission line redshifts are obtained from high ionization lines and may not represent the systemic redshifts. Tytler and Fan (1992) have given formulae to obtain the systemic redshifts. We have used these, with all available emission lines, to obtain the average values of corrected redshifts, z c em which are also given in Table 1 . z min is the larger of the observed minimum and the redshift corresponding to the Ly β emission. z max is the maximum observable redshift for Ly α lines. Since in this paper we also study the Ly α lines with z abs > z c em Ly α lines, hereafter NVLs(negative velocity lines), the maximum limit is taken as z max rather than z c em . E is the minimum detectable equivalent width of a line at 5 σ level in each spectra. In most of the cases these values are taken as given by of the authors of the parent references. Wherever these are not given we have taken E to be five times the largest observable error in the equivalent width of any line in the relevant redshift range. f ν is the QSO continuum flux at the Lyman limit. The values are calculated by extrapolating the continuum flux at the rest wavelength of λ(1450) to the Lyman limit. The spectral index α is also given in the Table. For QSOs for which the value of α is not available we use α = 0.66. RL is the radio loudness, defined as RL = log S(5GHz) S(λ1450) .
Wherever 5 GHz radio measurements are not available the radio flux was extrapolated from the other available radio measurements, assuming a powerlaw with 0.3 as the spectral index. Note that our sample has a large number of QSOs common with the sample compiled by Bechtold (1994) . Out of 67 QSOs used here, 54 are from her sample. All the known metal lines and the Ly α belonging to metal line systems are considered as excluded regions.
The Ly α lines with rest equivalent width > 5Å are also taken to be excluded regions as they may well be damped Ly α candidates.
REDSHIFT AND EQUIVALENT WIDTH DISTRIBUTION OF Ly α CLOUDS
In order to calculate the expected number of Ly α lines within the region near a QSO one should know the evolutionary properties of the lines with z abs < z em without any ambiguity.
Here we use our extended data to determine these properties. It is customary to describe the redshift and equivalent width distribution of Ly α lines as,
where
is the number of lines per unit redshift interval, per unit equivalent width, per line of sight. We used the maximum likelihood method described by MHPB, to calculate W * and γ assuming them to be constant, independent of z and equivalent width, using the data described in the previous section. In order to have an unbiased sampling in the redshift space we confine ourselves to the redshift range between 1.7 to 3.7 and consider only those lines which are more than 8 Mpc (for q o = 0.5) away from the QSO. The calculated values of γ for various rest equivalent width cutoffs, W r min , are given in table 2. Also given in table   2 . are the values of KS probability that the largest difference between the observed redshift distribution and the distribution described by eqn (1), with the value of γ given by the fit, occurs by chance.
A glance at We also performed two other statistical tests in order to estimate the goodness of fits.
We used chi-square test to determine the χ 2 per degrees of freedom between the calculated and expected number of lines based on equation (1), using values of γ given by the fit, for individual QSOs. These values are also given in Our results indicate that the probability that the observed values of < Q − 0.5 > are distributed normally around zero, as is expected for a good fit, is 0.95 for W r min = 0.3Å. We define a parameter Y, = n e − n o , where n e and n o are the expected and observed number of lines in individual QSOs. If the distribution along individual sight lines is well described by the determined values of γ one expects Y to distribute normally around zero. The calculated probability for Y to be thus distributed, obtained using the Wilcoxon test, is 0.70 for W r min = 0.3Å. Therefore it is clear that redshift distribution of Ly α clouds described by the equation (1) is consistent with the observations if one considers lines which are more than 8 Mpc away from the QSOs. 
PROXIMITY EFFECT
where N o is what the column density would have been if there had been no nearby QSO and
J ν (z) is the IGBR at the Lyman limit, at redshift z, with which the clouds are in photoionization equilibrium and
is the local Lyman limit flux density due to the QSO, r L being the luminosity distance of the cloud from the QSO. If the distribution of neutral hydrogen column density, N H I in individual clouds is a power law with index β, i.e. if
then the number density of clouds above a column density threshold, N o , is given by
Hence, for a sample limited by lower column density N H I , the distribution of lines with redshift in the spectra of a single QSO, including the proximity effect is
BDO used β = 1.7, obtained from high resolution observations. They applied this equa- Tytler (1987) ), which is the distance from the QSO at which the flux of radiation from QSO equals that due to the IGBR, for J ν = 10 −21 ergs cm
shows the probability for Y to be normally distributed around zero to be 0.49 and 0.44
respectively. We performed nonparametric Spearman rank correlation test in order to find any possible correlation between the properties of the QSO and Y. We do not find any correlation between Y and the properties of QSO such as, z em c , f ν , α o and RL.
It is interesting to note that there is no correlation between Y and f ν . This is against our expectation if the proximity effect is induced by the excess ionization due to QSOs. Note that Lu et al.(1991) also do not find any correlation between luminosity, emission redshift or radio properties of the QSO and the proximity effect. Bechtold (1994) did not find proximity effect to depend on the radio properties or redshift but qualitatively found a dependence on the luminosity of the QSOs. Foltz et al. (1986) found an excess of C IV systems near the QSOs over that predicted by the distribution of C IV systems far from QSOs. The excess was shown to occur more frequently in the radio loud objects. These systems were attributed to absorption due to the galaxies in the cluster of which QSO is also a member. If the Ly α clouds are in some way associated with galaxies then there will be excess absorption near the QSO compared to that predicted by the general redshift distribution, more so for the radio loud QSOs. The lack of correlation between radio loudness and the proximity effect can not, however, be taken to indicate that there is no tendency of radio loud QSOs not to show associated Ly α absorption as we are not considering QSOs with LLS within 8 Mpc of the emission redshift.
Thus in a way we tend to choose QSOs which are not having associated absorption and therefore are not residing in clusters.
Effect of uncertainties in column density distribution
The column density distribution of Ly α lines in individual cloud is not well determined due to the scarcity of high resolution data. Earlier studies by Carswell et al (1984) obtained that the value of β ∼ 1.7. Recent analysis of Giallongo et al. (1993) showed that β = 1.74 fits the data with only 2% probability and for the lines with column density between 10 13.2 and 10 14.8 the best fit powerlaw is β = 1.53 with 70% probability. They also showed that the distribution is steeper for column density greater than 10 14.8 . In the case of 1331+170, Kulkarni et al (1994) obtained β = 1.5 for 13.1< log(N H I ) <13.9, and β = 3.1 for 13.9< log(N H I ) <14.4. In order to consider the effect of variation in β on the background intensity we varied the value of β and calculated χ 2 probability for various values of J ν .
The results are shown in fig 1. Also given in the figure are the expected values of the background intensity based on QSO counts for various forms of QSO evolution and intergalactic absorption (Madau 1992) It is clear that the value of J ν decreases with decrease in β, as has been earlier noted by Chernomordic and Ozernoy (1993); also the probability that the observed distribution is consistent with the predicted distribution increases. It is interesting to note that β ∼ 1.2 − 1.3 will not only make the value of J ν consistent with the one expected from QSO counts, but also will make the probability that the observed distribution is reproduced by the predicted distribution very high. Chernomordic and Ozernoy (1993) showed, using the analytic equation for curve of growth, that, in order to reproduce the observed equivalent width distribution the β value should be 1.4 rather than 1.7. In their calculations they assumed the value of velocity dispersion, b, to be 35 km s −1 , the mean value obtained from the high resolution observations. Assuming the b value of 25 km s −1 will reduce β below 1.3.
Effect of low resolution
The sample used for this analysis is obtained using low resolution spectra of QSOs. Most of the lines listed are actually blends of few narrow lines. In the case of metal line systems (Petitjean & Bergeron, 1990 ) the number of components is found to be correlated with the equivalent width of the blended line. Jenkins (1986) showed that large number of interstellar lines can be analysed collectively using the standard, single component curve of growth. As long as the equivalent widths of many line are combined and the distribution function for the line characteristics is not markedly irregular, one obtains nearly correct answer for the total column density even when different lines have large variation in their central optical depth and internal velocity dispersion. Also, the value of velocity dispersion, b, obtained from standard curve of growth of the blend will be higher than the one obtained by profile fitting of high resolution data and need not reflect any kinematic properties of the cloud, but is proportional to the number of clouds . Thus one can write
N tot being the total column density of lines in the blend. Thus the form of the equation used by BDO is still valid, except that one has to use the distribution of total column density including blends, instead of the distribution of column density in individual components obtained from high resolution observations. Blending of lines in low resolution data may occur due to chance proximity of lines to each other but may also be enhanced due to clustering of lines. Webb (1987) had found weak clustering among Ly α lines. Recently we (Paper I) also confirmed this from extended high resolution data. Barcons and Webb (1990) showed that the discrepancy between the column density distribution observed in high resolution data and that obtained from the equivalent width distribution at low resolution can not be accounted for by blending alone but can be explained by invoking clustering.
This effect further invalidates the use of column density distribution obtained from high resolution data in the proximity effect calculations using low resolution data.
One can get the distribution of total column density, described by β LR , from the observed equivalent width distribution through standard single cloud curve of growth, with some assumed values of effective velocity dispersion, b eff . This is given by
Assuming the standard forms for equivalent width and column density distribution one Using β values in the range obtained here instead of β =1.7, the value of J ν can at most be reduced by a factor of 2.5 ( see fig 1. ) but is still much higher than the value predicted from QSO counts alone.
The total equivalent width of a metal line like Mg II or C IV is known to be proportional to the number of components blended in the line (York et al. 1986; Petitjean & Bergeron 1990 ). showed that in order to explain the relationship between doublet ratio and W, for Mg II doublets, with single cloud curve of growth, one has to assume higher b values for lines with higher equivalent width. In paper I we showed that the column density distribution of lyman alpha lines in the blends is similar to the column density distribution of the rest of the lines. Thus strong lines are likely to have more components and we expect b eff to increase with W. In addition there may also be an intrinsic tendency of b to increase with line strength for Lyman alpha lines (Pettini etal, 1990 ) though this has not not been confirmed by others (Carswell etal, 1991) .If this kind of correlation exists in the case of blended Ly α clouds it will affect our calculation of J ν .
We used Hunstead et al.(1986) and Levshakov (1992) In order to check this, we considered only QSOs which show intervening damped Ly α systems and candidates (marked by d in Table 1 ) from our sample using the damped Ly α information given in Lanzetta et al (1991) . There are 16 such QSOs in our sample. The value of J ν is obtained to be 10 −21 ergs cm −2 s −1 Hz −1 Sr −1 . This is smaller than the value obtained for the whole sample by a factor of 3. Our results thus confirm the reddening of QSOs due to intervening absorbers. This effect causes an error of upto a factor of 3 in the calculated J ν values.
PHYSICAL PROPERTIES OF Ly α CLOUDS NEAR QSOs
In this section we search for any possible changes in physical properties of Ly α clouds like the equivalent width distribution, column density distribution, distribution of velocity dispersion and the distribution of expected and observed number of lines near the QSOs.
Understanding how these properties change in the vicinity of the QSOs will yield a better understanding of the proximity effect.
Equivalent width distribution
We have calculated the equivalent width distribution of Ly α lines within The results are shown in figure 3 . It is clear from the figure that the W * increases for higher values of background intensity. This effect is more pronounced for the higher equivalent width lines. This suggests that the ratio of number of strong lines to that of weak lines increases near the QSO.
Assuming J ν = 10 −21 ergs cm −2 s −1 Hz −1 Sr −1 we calculated ω, the ratio of ionizing flux from the QSO and the background radiation flux, for each line within r eq . Nonparametric Spearman rank correlation test was performed in order to find any correlation or anticorrelation between W and ω. No significant correlation was found for W r min = 0.16Å and 0.3Å.
However there is 2.6σ correlation between the two quantities if we consider lines with equivalent width greater than 0.6Å. The null hypothesis that the two quantities are uncorrelated can be rejected at more than 99.6% confidence level. This again shows that strong lines tend to occur more frequently compared to weak lines near the QSOs. We thus conclude that the equivalent width distribution is affected by the excess photoionization due to QSO.
This may be due to increase in velocity dispersion in individual components or may be due to the effect of enhanced blending due to excess clustering of Ly α around the QSOs
Column density distribution
The change in the W * near the QSOs suggests that the column density distribution may also be different in regions close to the QSOs. We therefore calculated the column density show any statistically significant change in column density with ω which is consistent with the assumption of BDO that the column density distribution is unaltered by the presence of QSO.
Distribution of velocity dispersion parameter
The equivalent width and column density distributions near the QSOs suggest that the velocity dispersion parameter in clouds near QSOs may be higher. If the reported correlation between column density and b is true then also one would expect an increase in velocity dispersion due to proximity effect. Similar result is also expected on the basis of ionization models. In figure 6 we have plotted the distribution of b for clouds within 8 Mpc for correlation between ω and b. The null hypothesis that the two quantities are uncorrelated can be rejected at 96% confidence level. An increase in b will increase the b eff and therefore will give higher value for J ν .
We thus conclude that the column density distribution seems to be similar for lines near as well as away from the QSO, while the velocity dispersion parameters and as a result the equivalent width distribution is different for the two classes of lines.
PROPERTITS OF NVLs
More than 50% of the QSO sight lines in our sample show narrow absorption features in the red wing of the Ly α emission which can not be attributed to any strong UV absorption level. However we do not find any correlation between the number of associated metal line systems and the number of NVLs.
Next, we checked the possible correlation between the QSO flux at the Lyman limit, f ν and the occurrence of NVLs. We did not find any correlation between these two quantities.
There is no difference in the distribution of f ν for QSOs which show NVLs and that for the rest of the QSOs.
The occurrence of NVLs also seems to be uncorrelated with the radio properties of QSOs.
Out of 18 QSOs for which radio information is available, 2 radio quiet QSOs show more than 3 NVLs, 9 radio loud QSOs show more than one NVL and the rest 7 radio loud QSOs do not show any NVLs. We also do not find any correlation between optical spectral index , α 
Effect of emission line velocity shifts
In this section we consider the possibility that the observed Ly α lines with z abs > z According to Corbin correlations we should expect large corrections to redshifts for more luminous objects and hence more number of NVLs, in these QSOs. However more luminous QSOs will also have stronger proximity effect, thereby reducing the number of such lines.
The absence of any correlation or anticorrelation between the number of NVLs and f ν or α can thus be understood as the combined effect of Corbin correlations and proximity effect.
Another trend found by us is that more number of NVLs tend to occur at high redshifts. This can be understood as an increase in the shift, v s , with redshift for a constant background or an increase in IGBR with increasing redshift.
Effect of peculiar velocities
Another The distribution of the line of sight component of the peculiar velocities of Ly α clouds is assumed to be gaussian given by,
where v d is the dispersion in peculiar velocity. Taking into account the I-model discussed by BDO, one can write the number of absorption lines expected at any redshift z along the line of sight to a QSO to be,
where Considering only bins between -2500 and 6000 km s −1 , the χ 2 probability that the predicted number of lines is consistent with the observed values are given in Table 5 .
The QSOs. Also if this scenario was correct it will widen the discrepancy between the calculated background and that expected from the QSO counts alone.
It is clear from the above analysis that there is no unique mechanism by which one can explain the presence of NVLs. However a systemic offset of 1000-1500 km s −1 with a peculiar velocity dispersion of 500 km s −1 may explain the NVLs. The background intensity calculated in such a model will be similar to the values obtained by considering proximity effect for lines with z abs < z e alone and the discrepancy between the background intensity calculated by using proximity effect and from QSO counts will persist. 
CONCLUSIONS

